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Annex I 

Cryostat Drawings 
 
 
 
 
 
 
 
 
 
 

No. Drawing Name Description 
1 Despiece ARS210AE Exploded view of the cryogenic system ARS210AE 
2 Dewar Cryostat box (Dewar) 
3 Support_Dewar Cryostat to Dewar transition 
4 Support_1st-Stage Cryostat 1st stage to radiation shield transition 
5 Dewar_Cover Cryostat box lid 
6 Radiation_Shield Radiation shield cover 
7 Window_Cover Dewar window lid 
8 Rad_Shield_Support Radiation shield support walls 
9 Rad_Shield_Base Radiation shield base 

10 Cold_Plate Second stage base 
11 Contorno Outer main dimensions when assembled 
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Annex II – Calculation of the Error Terms in the TRL Calibration Technique  

A.II.1. Comprehensive Analysis of the 8-Term Error Model 

The objective of this study is to obtain the error terms represented in the following 
figure. 

1a

1b 2a

2b

00e

01e

11e

10e

22e 33e

32e

23e

11DUTS
22DUTS

12DUTS

21DUTS
XS YSDUTS

m
TOTS{

 

Fig. A.II.1. 8-term error model. 

These error terms characterize the test-fixture in the calibration, so they need to be 
removed in order to calculate the DUT S-parameters at the desired calibration plane. At 
the beginning of this procedure, four files containing the measurements of the different 
standards and DUT at calibration plane A (see Fig. 3.3) are available. 

 
• [ ]m

THS  = Measurement of the Thru standard together with the test-fixture 
• [ ]m

LNS  = Measurement of the Line standard together with the test-fixture 
• [ ]m

RFS  = Measurement of the Reflect standard together with the test-fixture 
• [ ]m

TOTS  = Measurement of the DUT together with the test-fixture 
 
As well as these files, two more data need to be known before the analysis: they 

are the delays of the Thru and Line standards. In many cases, the Thru has zero length 
or it is considered like that and therefore the calibration plane is set at the middle of this 
standard. In order to generalize the problem, here the Thru will be considered with some 
length so the calibration plane can be set either in the middle of the standard (if the 
delay is set to zero) or at the standard ports. Usually, this calibration technique with 
non-zero Thru is called LRL (Line-Reflect-Line) since a Line is used instead of a Thru. 
As for the length of the Line standard in the TRL technique, it should be λ/4 longer than 
the Thru at the central frequency in order to achieve a maximum bandwidth of 8:1 
(bandwidth/central frequency). If wider bandwidths are needed then additional Line 
standards must be used [3.12] 

 
Therefore, together with the four measurement files, these two parameters are 

needed: 
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• τ1 = delay produced by the length of the Thru 
• τ2 = delay produced by the length of the Line 

 
Since the following mathematical analysis works with cascaded S-parameter 

matrices it is convenient to transform these matrices into transmission parameters using 
(A.II.1)-(A.II.3) [3.18]. 
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The S-Parameters of the different standards and the test-fixture are presented in 
(A.II.4)-(A.II.8). 
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Using the transmission matrices, the measurement of the Thru standard can be 
easily obtained. 
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Fig. A.II.2. Measurement of the Thru standard. 
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[ ] [ ][ ][ ]m TTTT = YTHXTH  (A.II.9) 

In a similar way the process can be repeated for the Line standard. 
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Fig. A.II.3. Measurement of the Line standard. 

[ ] [ ][ ][ ]m TTTT =

]

lΔ−=+ γ
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YLNXLN  (A.II.10) 

Solving for [TY] in (A.II.9), 

[ ] [ ] [ ] [ m
THXTHY TTTT 11 −−=  (A.II.11) 

And now introducing (A.II.11) in (A.II.10), 
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Expanding equation (A.II.12), 
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The following equations system can be set, 

l
XXX eTTmTm Δ−=+ γ

1121121111  (A.II.15) 

XXX eTTmTm 2121221121  (A.II.16) 

XXX 1222121211  (A.II.17) 

XXX eTTmTm 2222221221  (A.II.18) 

The term e-γΔl can be eliminated from (A.II.15) and (A.II.16), obtaining, 
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And eliminating the term eγΔl from (A.II.17) and (A.II.18), 
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Both equations (A.II.19) and (A.II.20) have the same coefficients and therefore 
they have the same roots, 
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In order to assign correctly the equation roots to the variables in the previous 
equations it is necessary to consider the following relationship, 
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A similar procedure can be followed in the output access to obtain its parameters. 
Thus, solving for [TX] in (A.II.9), 
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And now introducing (A.II.24) in (A.II.10), 
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Expanding (A.II.25), 
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An equations system can be set again, 

l
YYY eTTnTn Δ−=+ γ

1112121111  (A.II.27) 

lΔ−=+ γ
YYY eTTnTn 1212221112  (A.II.28) 
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leTTnTn Δ=+ γ
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YYY eTTnTn 2222222112  (A.II.30) 

Solving this system in the same way the following two equations are obtained, 
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These equations have the same roots which are, 
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And now again, the selection of the roots made above is straightforward if the 
following relationship is considered, 

22
33 e

Se YΔ
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By now, the terms e00 and e33 and the relationships 
11e
SXΔ  and 

22e
SYΔ  have been 

obtained. As well as these, the term of propagation in the lines, γΔl, can be calculated 
just introducing the obtained terms in one of the equations in (A.II.15)-(A.II.18) or 
(A.II.27)-(A.II.30). 
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11 e
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To obtain the remaining terms it is necessary to use the measurement of the 
Reflect standard from both ports. 
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Fig. A.II.4. Measurement of the Reflect standard. 

In order to calculate the measured reflection coefficient in one port regarding the 
actual reflection coefficient of the standard, the flow graph of Fig. A.II.4 has to be 
solved [3.19], [3.20]. 
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Solving for 1/ΓRF in both equations a relationship between e11 and e22 can be 
extracted. 
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Where, 
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Taking into account that X = b – a and Y = c – d, then the values of (A.II.40)-
(A.II-43) are known. To obtain another relationship between e11 and e22 enabling to 
calculate their values it is necessary to use the measurement of the reflection coefficient 
at the Thru standard input. 

 
From the flow graph of Fig. A.II.2, 
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And therefore, 
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Introducing (A.II.39) in (A.II.45), 
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Now two equations are available so e11 and e22 can be calculated. 
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In order to solve (A.II.47) the value of eγl1 need to be known. This value can be 
extracted from the known data if (A.II.36) is conveniently transformed. 
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Once this value is calculated, the right root must be selected in (A.II.47). This can 
be achieved through the knowledge of the Reflect standard phase. The values calculated 
in (A.II.47) and (A.II.48) can be introduced in (A.II.37) and this equation can be solved 
for the actual reflection coefficient of the Reflect regarding its measured value. 
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A good Reflect standard should have a reflection coefficient magnitude large 
(ideally 1.0), equal in both ports, and its phase has to be defined with an accuracy of 
±λ/4 [3.12]. When the two solutions of (A.II.47) are introduced in (A.II.50) then two 
reflection coefficients 180º out of phase are obtained, therefore the selection of the right 
root is obvious. 

 
Now the calculation of the remaining terms can be continued. 
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Xeee 111001 =  (A.II.51) 

Yeee = 223223  (A.II.52) 

The transmission coefficients in (A.II.51) and (A.II.52) do not need to be known 
separately so the calculation process is simplified. 

 
Finally, with the derivation of the transmission S-Parameters of Fig. A.II.2, 

12
2211

1
3210

021

2
21 1 l

l

a

m
TH eee

eee
a
bS γ

γ

−

−

=
−

==  (A.II.53) 

12
2211

2301

012

1
12 1 l

a

m
TH eee

eee
a
bS γ−

=
−

==
1lγ−

 (A.II.54) 

The last term products can be obtained. 
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Now the calculation of the different error terms is completed and the DUT S-
Parameters, with the calibration plane set at its ports, are obtained with (A.II.57)-
(A.II.60). 
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Where, 
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A.II.2. Correction of Switch Errors 

In Chapter 3 it was commented that the 8-term error model can not fully 
characterize the errors produced in a two-port network such as the network analyzer, 
since it can not take into account the different impedances of the internal switch in its 
different states. This is not a problem in the technique proposed in this thesis since the 
network analyzer is calibrated with a SOLT technique before the measurement of each 
standard and therefore the errors are only present in the test-fixture, which is fully 
characterized with an 8-term model. However, in order to complete the previous study, 
a short explanation of how modern network analyzers solve this problem is given here. 

 
Modern network analyzers, such as model 8510C from Agilent Technologies, 

have an architecture with a receiver equipped with four samplers and therefore they can 
measure the ratio between the two reference signals during the measurement of the Thru 
and Line standards. These measurements characterize the switch impedance and its 
associated hardware both forward and reverse [3.21]. 

 
To characterize the difference between switch states the system has to correct the 

measured S-Parameters, which needs to take six measurements instead of four for each 
of these standards. Thus, the measured S-Parameters can be expressed as [3.13], 
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Where the prime terms indicate that the switch is in reverse. Expanding the 
previous expression the different S-Parameters are obtained. 
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Where, 
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As can be seen in (A.II.65)-(A.II.69), to correct the S-Parameters two additional 
measurements are needed for the standards. 
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Annex III 

MIC LNA Module Drawings 
 
 
 
 
 
 
 
 
 
 
 

No. Drawing Name Description 
1 YKa2533_1 – Caja 1/3 Module holes 
2 YKa2533_1 – Caja 2/3 Module dimensions 
3 YKa2533_1 – Caja 3/3 Module depths 
4 YKa2533_1 – Tapa Module normal lid 
5 YKa2533_1 – Caja_LEDs Module lid adapted for illuminating LEDs 
6 YKa2533_1 – Acceso Guía Module waveguide port 
7 YKa2533_1 – Adaptador Waveguide-to-coaxial transition adapter 
8 YKa2533_1 – Componentes 1/2 RF Components installation 
9 YKa2533_1 – Componentes 2/2 Bias components installation 

10 YKa2533_1 – Dispositivos Components general view 
11 YKa2533_1 – LNA Artist view of the assembly 
12 YKa2533_1 – Montaje Part list and assembly procedure 
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Annex IV 

MMIC LNA Module Drawings 
 
 
 
 
 
 
 
 
 
 

No. Drawing Name Description 
1 Caja_UCL2636CR 1/2 Module dimensions 
2 Caja_UCL2636CR 2/2 Cover dimensions 
3 Assembly Components assembly 
4 LNA Artist view of the assembly 
5 Despiece Part list and assembly procedure 
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